INTRODuCTION
There is growing concern from consumers about the welfare of animals used for food production in the United States (Olynk, 2012) . Meat industries have responded by implementing assessment programs that evaluate the welfare of livestock. In the beef industry, slaughter plants were the first sector to implement an assessment program (the North American Meat Institute, Washington, DC) using a third-party audit tool, resulting in improvement in the outcomes measured (Grandin, AbSTRACT: Assessment programs are one way beef producers communicate information about animal welfare to retailers and the public. Programs that monitor cattle through the production cycle (e.g., the Global Animal Partnership) or at individual stages (e.g., slaughter; the North American Meat Institute) exist, but to date, there is no assessment program addressing welfare specifically in the cow-calf sector. The objectives of this study were to measure cow-calf health and handling welfare outcomes and gather management, facility, and producer perspective information to 1) describe current practices and 2) inform assessment design. A welfare assessment, designed using features of similar beef and dairy programs, was conducted on 30 California ranches that varied in size (mean 1,051 cows [SD 1, 849] , range 28 to 10,000 cows) and location within the state. Cattle health and behavior and stockperson handling were measured during a routine procedure (e.g., pregnancy checks) on breeding females (n = 3,065). Management and producer perspectives were evaluated through an interview, and facility features were recorded at the chute and water access points. Cattle health problems were rare and seen only on specific ranches (e.g., prevalence of lame cattle: mean 1.3% [SD 1.5] , range 0 to 7.1%). Cattle behavior and stockperson handling varied between ranches (e.g., cattle balking: mean 22.0% [SD 21.9] , range 1.6 to 78.3%; electric prod use: mean 23.5 [SD 21 .5], range 0 to 73.0%). Although some management and facility characteristics were shared by most (e.g., all ranches castrated bull calves; 86% used alleyways with an anti-back gate), other aspects varied (e.g., weaning age: mean 8.2 mo [SD 1.4], range 6 to 11 mo; 43% used shade cover over chute). Most producers shared similar perspectives toward their herd health management plan, but their responses varied when asked to evaluate an animal's pain experience. In terms of assessment design, there were challenges with feasibility (e.g., scheduling a ranch visit on a day cattle were processed was difficult), validity (e.g., cattle may back up calmly to adjust posture or quickly in response to an aggressive handler; without this context, the welfare implications of this behavior are unclear), and comparability (e.g., an explicit animal observation period needed to be defined to make comparisons across ranches). Future assessment programs should consider these qualities when selecting measures to evaluate welfare.
2006). To date, there is a retail-driven assessment for feedlots (Tyson FarmCheck, 2016) and third-party audit tools catered to niche markets (e.g., Animal Welfare Approved, 2013) but no program for the cow-calf sector. There are several possible explanations for why cow-calf operations have not been monitored: 1) cattle have multiple owners, making traceability a challenge (Mench, 2003) ; 2) this sector is pasture based, a housing system that the public considers positive for welfare (Spooner et al., 2014) ; and 3) with over 757,000 diverse cow-calf operations in the United States (of which 11,200 are in California; USDA, 2009), a universal assessment is more difficult than more concentrated sectors (i.e., 654 U.S. beef slaughter plants; USDA, 2015) . However, providing transparency through every stage of production may improve consumer trust in the beef industry (Wognum et al., 2011; Grandin, 2014) , and therefore, a welfare assessment for the cow-calf sector could be beneficial.
The first step in creating a welfare assessment is to investigate current practices (Sørensen and Fraser, 2010) . We developed an assessment based on existing programs in the beef and dairy industries, pilot tested it on 10 ranches to test for feasibility, and refined it for use in the current study. Our objectives were to measure cattle health and handling outcomes and collect information about management practices, facility characteristics, and producer perspectives to 1) describe current practices and 2) inform the design of future welfare assessments.
METHODS
Research involving human subjects was exempt and in full compliance with the Code of Federal Regulations (United States Department of Health and Human Services. 2009).
Ranch Selection
We connected with University of California Cooperative Extension, CA, specialists, county extension farm advisors, the California Cattlemen's Association (Sacramento, CA), and local veterinarians via phone and email to gain support and collect contact information for cow-calf producers in their area. A total of 50 producers were contacted by phone or email and asked if they would be willing to participate in our study, for which only 1 refused. Through convenience sampling, we recruited the first 30 cow-calf operations that processed their cows or heifers in the chute for a routine procedure on a day when assessors were able to visit. Each ranch was visited for 1 d when their breeding cows or heifers were processed, between May 2014 and June 2015. All animals evaluated had been under the producer's ownership for at least the previous 21 d (the recommended isolation period for bovine respiratory disease; Callan and Garry, 2002) .
Cattle Health and Handling Observations
Cattle were observed as they were processed in the chute. For each facility, the type and duration of the procedures performed were recorded, along with the number of stockpersons working cattle at the beginning of the handling event, types of moving aids used by stockpersons, and if the cattle could visually or audibly detect the presence of dogs. Cattle health and handling observations were conducted by 2 assessors that stood 2 to 4 m away from the tail gate and head gate on the same side. For each herd, assessors began evaluating the first animal sent through the chute and continued observing until the at least the minimum sample size was met. A minimum sample size was observed following the recommendations of Welfare Quality on farm cattle assessment protocols (Welfare Quality, 2009 ). All cattle were observed in herds with 30 or fewer animals and a minimum of 95 cattle were observed in herds with 10,000 animals. We began observing each focal cow or heifer once the preceding animal was fully caught in the head gate. For the first animal, or in instances where the focal cow was not yet in the alleyway when the preceding animal was caught, observation began when all 4 of the focal animal's hooves entered the alleyway. Observation ended when the focal cow exited the restraint, and this window was called the "individual animal observation period." It was used for all measures unless explicitly stated otherwise. Measurements were recorded on a yes/ no basis, using methodology described in Table 1 , with the exception of body condition and locomotion scores, which were recorded on a 3-point scale (Table 2) .
Management Practices and Producer Perspectives
A questionnaire-guided interview was conducted with the producer (i.e., farm manager) at each ranch. Questions addressed specific welfare-related management practices including animal identification, disbudding or dehorning, castration, weaning, frequency of visual herd health and water provision checks, vaccinations, treatment of nonambulatory cattle, veterinary-client-patient relationship (VCPR; as defined by the Beef Quality Assurance [bQA] guidelines for cattle care and handling; BQA, 2010), and herd health, treatment, and mortality records (Table 3) . Additional questions addressed stockperson training program participation, attendance at educational beef management events (Table 3) , and the producer's perspectives toward their cattle (Fig. 1) . 
Swelling
Inflammation with a diam. ≥ 2 cm under the skin causing the skin to appear inflated, bulbous, and tight.
Blind eye
An opaque, discolored, or inflamed lens as distinct from the sclera, which may be accompanied by squinting, ocular discharge, or both. Blindness can be tested by studying a menace response to a hand opening and closing in front of the affected eye, without creating an air current. No response after several tries indicates blindness. A missing eye is also recorded as blindness.
Broken tail 2 Tail appears abnormally shaped or asymmetrical. Vertebrae may be misaligned.
Nasal discharge Mucus in or around the nostril appears thick and cloudy, translucent, white, or yellow-green, in color.
Ocular discharge
Wet or dry fluid draining from the eye, at least 2 cm long.
Diarrhea 2
Wet or crusty manure on the rump symmetrically below the tail head, measuring at least the size of a hand in total.
Bloated rumen A distinct bulge between the ribs and hipbone on the animal's left side.
Dirty Plaques (a 3-dimensional layer of mud or feces) on the side above the hock and knee, measuring at least 2 hands in total. Fresh manure and diarrhea are not included.
Stockperson handling
Tail twist 2 Stockperson grasps the animal's tail in their hand and turns it to either side.
Moving aid use 2 Hand, flag, whip, paddle, stick, uncharged electric prod, or any tool used as an extension of the arm touches the animal.
Electric prod use 2 An electric prod with an activated charge touches the animal.
Mis-catch 2
The animal is improperly caught on first attempt. A proper catch was when a single animal was loaded into the restraint with the head gate closed behind the ears and in front of the shoulders, all 4 hooves touched the floor inside the chute, and the subsequent animal was not caught in the tail gate.
Cattle behavior
Balk 2 The route is clear in front of or behind the animal, but the animal refuses to move forward or backward within 4 s from being touched by a moving aid or electric prod.
Run
The animal takes at least 2 strides at a gait faster than a trot once all 4 hooves touch the ground outside of the restraint on exiting.
Back up 2
The animal moves at least 1 step backward.
Stumble in the chute system 2 The animal's knee(s) or hock(s) contact the ground before the head gate is opened to release the animal.
Fall in the chute system 2 The animal's torso contacts the ground before the head gate is opened to release the animal.
Stumble on exit The animal's knee(s) or hock(s) contact the ground after the head gate is opened to release the animal.
Fall on exit The animal's torso contacts the ground after the head gate is opened to release the animal.
Vocalize 2
The animal enunciates an audible tone after restraint, but before the procedure begins. 2: Acceptable Only the last 2 ribs are visible, tail head is round, brisket is full with some fat deposition, muscling apparent in hindquarters and shoulder.
3: Obese No distinct bone structure, protruding fat deposits on tail head and pin bones, brisket is distended, animal appears full and blocky.
Locomotion score 1: Acceptable Affected limb(s) is not immediately identifiable, long and fluid or slightly shortened strides, even weight bearing on all 4 limbs.
2: Moderately lame
Affected limb(s) is easily identifiable, favors 1 or more limbs while standing, shortened strides, slight limp while walking.
3: Severely lame
Barely able or unable to place weight on 1 or more limbs, walks slowly and makes frequent stops.
Facility Design
Design features of the restraint and alleyway used during processing were recorded. Information about restraint included the type used, presence of louvers, and type of flooring surface inside and directly in front of the restraint. The alleyway characteristics included the shape, presence of solid-sided walls, width (measured at the height of a randomly chosen reference cow's withers), length (i.e., the distance between the restraint tail gate and crowd pen that allowed for only a single file line of cattle), type of floor material, type of crowd pen (e.g., A-pen, sweep tub, Bud box), and presence of an anti-back gate at the entrance to the single file alleyway. In addition, the type of water access points (i.e., natural source or trough/constructed) within the home pasture of the herd observed on the day of the visit was recorded.
Statistical Analysis
A total of 4 assessors recorded cattle health and handling measures over the course of the study. Interobserver reliability for each pair of assessors was determined by the kappa coefficient of concordance (Hollenbeck, 1978; Martin and Bateson, 1993) . Means ± SD for each measure were calculated and are reported.
RESuLTS AND DISCuSSION

Ranch Characteristics and Management Practices
Ranches varied in average herd size (1,051 ± 1,849 cows and heifers; range: 28 to 10,000 cows and heifers) and were located throughout California. The average area of pasture or rangeland provided for the cattle was 16.4 ± 22.9 ha/cow (range: 0.5 to 89.0 ha/cow). The ranch age, or the number of years of continuous operation, varied (67 ± 51 yr; range: 6 to 171 yr) as well as the number of farming generations in the producer's family (3.7 ± 2.1 generations; range: 1 to 10 generations).
When questioned about management practices, producers reported all the methods used on their ranch. All ranches used some form of cattle identification: 29 used ear tags, 29 used brands, and 11 used ear notches. Calves were branded at an average age of 4.4 ± 5.6 mo (range: 1 to 24 mo) using either hot (n = 25) or freeze (n = 1) branding methods or both (n = 3). All ranches castrated their bull calves at an average age of 2.6 ± 1.4 mo (range: 0 to 8 mo), using surgical (n = 21), Burdizzo (n = 10), or rubber banding (n = 7) methods. Disbudding and dehorning were less common, as 15 ranches bred with completely polled genetics. The other 15 ranches reported that only a portion of their calves were born with horns, which were disbudded at an average age of 2.5 ± 0.9 mo (range: 1 to 3.5 mo) using a scoop disbudder (n = 7), hot iron (n = 4), or both (n = 4). Pain control was used on 2 ranches for castration and 1 ranch for disbudding or dehorning procedures. Fence-line (n = 20), abrupt (n = 12), and 2-step (i.e., nose-flap; n = 1) systems were used to wean calves at an average age of 8.2 ± 1.4 mo (range: 6 to 11 mo). Visual herd health checks were conducted, on average, 195 ± 149 times/yr, but frequency greatly varied among ranches, ranging from daily health checks to as few as 1 per month. Water provision checks were performed 185 ± 137 times/yr (range: 26 to 365 times/yr). During calving season, the herd was monitored more frequently for problems, averaging 2.5 ± 0.5 checks/d (range: 0.5 to 3 checks/d). Producers reported that they observed 31 ± 34% (range: 0 to 100%) and assisted in 5 ± 18% (range: 0 to 100%) of the calvings in the past year.
The majority of producers kept written records for sick cattle (n = 23), treatments (n = 24), and death losses (n = 25); were able to give an estimate of the number of cases of each disease experienced on the ranch (n = 22); and knew the cause of death for over 50% of cattle mortalities (n = 24). All ranches routinely vaccinated against respiratory, reproductive, and clostridial diseases. The breeding cow herd (defined as animals with at least 1 parturition) was sent through the chute 3.4 ± 5.2 times/yr (range: 1 to 6 times/yr). All producers reported having VCPR, and for 25 ranches, the veterinarian visited the ranch an average of 5.7 ± 6.4 times/yr (range: 1 to 30 times/yr). Three producers called their veterinarian only on an as-needed basis, and 2 producers were veterinarians themselves.
When producers were asked how they responded to nonambulatory cattle, either by treatment or euthanasia, 20 said it depended on each case; 6 euthanized, 2 treated, and 2 took no action. Of the 22 ranches that at least sometimes treated nonambulatory cattle, 21 provided them with food and water, 19 had a separate treatment area available, and 20 had equipment for moving nonambulatory cattle, including trailers (n = 10), a sling or harness (n = 6), and the front end of a loader bucket (n = 4).
A variety of stockperson training tools were used on the ranches including the BQA program, a resource that provides information for improving cattle handling, husbandry techniques, management, facility maintenance, record keeping and self-assessment tools (n = 18), ranch-specific programs (n = 9), online resources (n = 2), and beef producer clinics (n = 1). The frequency of stockperson training varied greatly from never (n = 3) to as regularly as once every 3 mo (n = 1). Finally, all but 2 producers attended educational beef management events at least once in the past year.
We collected management-based measures to describe current practices within the cow-calf industry, with some results agreeing with and others differing from those at the national level. For instance, all ranches in our study used some form of cattle identification, which is more frequent than the 66% of U.S. operations (USDA, 2009). Producers reported average castration, disbudding or dehorning, and weaning ages of 2.6, 2.5, and 8.2 mo, respectively, whereas at the national level, these practices are performed at 2.6, 3.9, and 6.7 mo, respectively (USDA, 2009). Producers followed the national tendency of using surgical castration, whereas disbudding or dehorning was usually performed using the scoop method, in contrast to the most commonly used guillotine (i.e., Keystone) system in the United States (USDA, 2009). In addition, herd health checks (mean 16.3 times/ mo) were performed more frequently in our study than the national average, where 71% of operations checked their herd less than 10 times/mo (USDA, 2009). These differences could be explained by our relatively small sample size, as the USDA measured 2,872 ranches, or because our sample volunteered to participate.
Scientific literature recognizes that use of analgesics during castration and dehorning can reduce calves' cortisol levels (Fisher et al., 1996; Stafford and Mellor, 2005) and other pain-related responses (Graf and Senn, 1999; Earley and Crowe, 2002; Stafford et al., 2002; Coetzee, 2011) . However, a number of problems with using analgesics have been identified (Tucker et al., 2015) : 1) pain mitigation drugs are approved only through extralabel use in the United States (Smith et al., 2008) ; 2) the onset of analgesic properties occurs 2 to 5 min after administration (Lemke and Dawson, 2000; Spoormakers et al., 2004) , which is longer than the 1.3 min average processing time in this study; 3) the route of administration requires operator training; and 4) most analgesic drugs require frequent administration to maintain effectiveness (Smith et al., 2008) . Indeed, pain control was used on only 2 ranches for castration and 1 ranch for disbudding or dehorning in our study.
Although there were a number of management practices not covered in our interview, we aimed to address the welfare concerns associated with them by actively assessing the facilities, stockperson handing, and cattle health and behavior. For example, instead of inquiring about vaccination schedules, we visually assessed cattle morbidity.
Producer Perspectives
Responses to questions regarding producers' perspectives toward their cattle are in Fig. 1 . Stockperson perspectives are associated with how they handle animals and the resulting outcomes on physiological signs of stress, production, and welfare (Hemsworth and Coleman, 2010) . A negative relationship has been found between dairy producers' agreement with the statement "animals experience physical pain as humans do" (1 = totally disagree and 5 = totally agree) and prevalence of hock lesions in the herds (Kielland et al., 2009 ). In our study, however, cow-calf producers' answers to the same question were evenly distributed among the middle and both extreme values, showing more variation than responses of dairy producers who typically agreed with the statement (70% responded ≥ 4; Kielland et al., 2009) . However, producer perspectives were assessed in this study for descriptive purposes and we suggest using cattle health and behavior measures as a more straightforward way to assess ranch performance.
Cattle Handling
The kappa coefficient of concordance for each pair of assessors was ≥ 0.8 for all variables. Observation time of the handling events took from 45 to 225 min (112 ± 42 min), or 79 ± 49 s/cow (range: 25 to 225 s/cow). Three thousand sixty-five cattle were observed across 30 ranches (102 ± 40 observations/ranch; range: 28 to 182 observations/ranch), with 4.4 ± 1.6 stockpersons (range: 2 to 7 stockpersons) working cattle at the beginning of the handling event. Twenty-six ranches used electric prods and all ranches used moving aids, including hands (n = 20), uncharged electric prods (n = 17), paddles (n = 11), flags (n = 9), sticks (n = 8), and whips (n = 4). The primary procedures observed were pregnancy checks (n = 7), vaccinations (n = 5), or both (n = 16). Dogs were present and could be visually or audible detected by cattle on 15 ranches. Distribution, mean, and SD of the cattle health and handling outcomes are shown in Fig. 2 .
Welfare assessment programs, such as that of the North American Meat Institute (2013) and Pork Quality Assurance Plus (2016), incorporate animal handling observations as a way to assess both stockperson handling techniques and cattle responses, as quantifying these measurements facilitates goal setting and quiet handling (Grandin, 2008) . We incorporated the stockperson handling measures used in the BQA guidelines, including cattle stumbles, falls, or runs when exiting the chute; vocalizations in the chute before the procedure; stockpersons using an electric prod at any point; and miscaught cattle in the head gate. These measures were used to assess performance in relation to the recommended standards of ≤ 10% stumbles, ≤ 2% falls, ≤ 25% runs, ≤ 5 % vocalizations, ≤1 0% electric prod use, and ≤ 0% mis-catches, as others have done at feedlots (Woiwode and Grandin, 2014) . The average prevalence of stumbles (4.7%), falls (0.9%), and runs (12.8%) when exiting the chute (Fig. 2) were all within the BQA's limits, and stumbles and runs were lower than the 6.7 and 30.7% prevalence for these behaviors observed at feedlots (Woiwode and Grandin, 2014) . In contrast, other responses were more common in cow-calf ranches than feedlots, specifically electric prod use (23.5% for cow-calf ranches vs. 5.5% for feedlots; Woiwode and Grandin, 2014) and vocalizations (5.2% for cow-calf ranches vs. 5.2% for feedlots; Woiwode and Grandin, 2014) . Mis-catches, averaging 14.5%, exceeded the BQA zero-tolerance standards and the 2.2% prevalence observed in feedlots (Woiwode and Grandin, 2014) . However, the BQA's mis-catch definition was interpreted broadly for this study, including situations when 2 cows were in the chute at the same time, which often occurred when the cow next in line was restrained at the neck in the tail gate. Excluding these instances could lower the prevalence observed. When looking toward future assessments, some limitations were identified with the inclusion of stockperson handling and animal-based measures in terms of feasibility, comparisons among ranches, and external validity.
In terms of feasibility at the level of conducting the assessment, cow-calf producers work their female breeding herd in the chute only 3.4 times/yr on average; coordinating a ranch visit on these days can be challenging. In addition, each handling event took 45 min to 3.75 h, but the length of the ranch visit often took longer to complete the interview or for various interruptions, such as equipment malfunction, lunch breaks, or calf processing. In terms of feasibility of specific measures, some were difficult to quantify. For example, the number of stockpersons present was recorded when they began working cattle, but as handling progressed, this number fluctuated and is not representative of the entire event.
Creating measures that are easily compared across operations is an important aspect of an assessment program. For example, retailers use the North American Meat Institute animal handling assessment to determine which plants they will do business with; therefore, measures taken need to be comparable. However, the BQA self-assessment protocol, for example, records electric prod use at any given point during the handling event; therefore, the proportion of the process observed will vary depending on how and what can be seen at each ranch, creating results that are not easily compared across operations. For this reason, a narrower observation period was defined in the present study for each cow, between when she entered and immediately after she exited the squeeze chute. Despite this methodological standardization, the challenge remains: ranches vary in size (i.e., in this study, breeding cow herd size ranged from 28 to 10,000 cows) and management regimen (e.g., not all ranches disbudded their calves, used growth promotants, or branded their cattle); therefore, the procedures observed during the ranch visits varied. Only less invasive procedures were observed (e.g. not branding) and limited our sampling to adult animals and to some behavioral responses before the procedure began (e.g., vocalizations), but it remains unclear how to standardize this aspect of the assessment across ranches.
The welfare implications and, therefore, the external validity were clear among most of the cattle behavior and stockperson handling measures, which is an important criterion for all measures used in welfare assessments (Philipot et al., 1994; Ward et al., 2002; Rushen et al., 2011) . For example, it is known that cattle exit restraints faster after electric prod use and rough handling (Stewart et al., 2008; Petherick et al., 2009) and increased exit velocity is correlated with other biological indicators of stress (e.g., cortisol; Curley et al., 2006) . In contrast, it is less clear what backing up and touches with a moving aid mean in terms of animal welfare. For example, backing up could be passive and calm by simply taking a step back or quick in response to aggressive handling. Similarly, the measure "moving aid touches" ranged from a gentle contact with the hand to a poke with a stick in sensitive areas, such as the rectum. Cattle likely perceive these situations differently, as cattle find aggressive hitting more aversive than soft stroking (Pajor et al., 2000) . In terms of both backing up and moving aid use, the welfare implications are unclear and we suggest either excluding them or refining their definitions in the future. For example, perhaps moving aid use should be recorded only when applied forcefully on sensitive areas, as it is in the North American Meat Institute audit, along with other willful acts of abuse (e.g., dragging nonambulatory animals, slamming gates on livestock; North American Meat Institute, 2013). Despite these potential limitations or methodological constraints, stockmanship was highly variable and an area that could be targeted for improvement, and as such, most of our measures would be valuable to include in future assessments.
Facilities
The majority of the ranches used a hydraulic restraint (n = 21; manual restraint: n = 9). Metal flooring with cleats was commonly used inside the restraint (n = 25; dirt or dried manure: n = 4; concrete: n = 1), whereas at the exit, dirt or dried manure was typically used (n = 13; concrete: n = 10; rubber: n = 7). Fewer than half of the ranches used louvers (n = 11; no louvers: n = 19).
Alleyways were commonly designed with a straight lead-up (n = 18; curved: n = 8; S-shaped: n = 4), with at least 1 open-sided wall (n = 20; 2 solid walls: n = 10). The alleyways varied in length and width, ranging from 280 to 4,150 cm (1,052 ± 667 cm) and 56 to 86 cm (74 ± 7 cm), respectively. Dirt or dried manure was also used most often as floor material in the alleyway (n = 21; concrete: n = 9). To load cattle into the alleyway, the majority of ranches used a funnel fence system (i.e., A-pen, n = 20; sweep tub: n = 9; and Bud box: n = 1). Furthermore, anti-back gates (all of which were manually operated) were generally used at the entrance of the alleyway (n = 26; no antiback gate: n = 4). In the pen or pasture om which the observed cattle were housed on the day of the visit, 20 ranches provided water through natural sources (e.g., ponds, creeks, irrigation channels), whereas 10 provided only constructed sources (e.g., troughs, tanks).
The beef industry has recommendations on how to design handling facilities, but in practice, some specific features were often not incorporated and anecdotal evidence suggests that these decisions were often based on preference. For example, the use of curved alleyways with solid sided walls is encouraged to improve cattle flow and reduce balking (Grandin, 2007; Tremetsberger and Winckler, 2015) , but the majority of ranches used a straight alleyway with at least 1 opensided wall. Facility-based measures are relatively easy to assess and compare across operations and, therefore, are an appealing measure to include in an assessment. However, to date, research has focused on understanding the effects and, therefore, external validity of facility-based measures in specific housing systems, such as free-stall dairies (Dippel et al., 2009; Chapinal et al., 2013; Zaffino Heyerhoff et al., 2014) . Similar types of epidemiological studies are needed to evaluate the welfare implications of handling facilities. The measures included in this comprehensive study will be used to investigate how stockperson handling, management practices, facility design, and producer perspectives correspond with cattle health and behavior. The results from this work will identify factors associated with welfare outcomes and, therefore, inform decisions about facility-based measures to be retained in an assessment.
Animal-based measures are considered the most direct and robust measure of the welfare state of an animal (Johnsen et al., 2001; Whaytt et al., 2003; Webster, 2005) and appear to be a promising way forward in cowcalf assessments, especially because we were able to achieve a high degree to concordance among assessors for these measures and because management and facilities vary across operations. However, when a valid animal-based measure is unavailable or difficult to assess, other modes of evaluation may be necessary (Velarde and Dalmau, 2012) . For example, the European Welfare Quality cattle assessment protocol currently does not have an animal-based measure to evaluate prolonged thirst, so the amount of water provided for the cattle is assessed (Welfare Quality, 2009 ). Likewise, although there is a validated way to assess heat stress through pant scoring (Gaughan et al., 2010; Gaughan and Mader, 2014) , shade or water provision may need to be evaluated because of the difficulty in ensuring that the assessor is on the ranch during summer conditions.
Cattle Health
Certain health problems were rarely observed. For instance, there were no broken tails observed on any ranch, despite the use of tail twisting on 15 ranches, with prevalence as great as 71.4%. Likewise, blind eyes were uncommon, even though 13 ranches reported that pink eye was one of their primary disease concerns. Dirty cattle and bloated rumens were also infrequent and observed only in unusual cases. For instance, dirty cattle were observed when cattle were held in a dirt corral the night before processing. Cow-calf operations had lower levels of lameness and hair loss (clinical and severe lameness: 1.3 and 0.1%, respectively; hair loss: 9.1%) than those that were seen on Californian free-stall dairies (clinical and severe lameness: 30 and 4%, , respectively; hair loss on hocks: 56%; von Keyserlingk et al., 2012) . This might be, in part, due to the housing environment, as dairy cows on pasture also have less lameness and leg injuries than those that are not (de Vries et al., 2015) . Although the abnormalities in the health measures collected in this study were rare, there are a number of other health-related factors, such as bovine respiratory disease, mineral deficiencies, or dystocia, that were not included in our assessment and merit further investigation. Furthermore, ranches included in this study were chosen based on their willingness to participate. This nonrandom selection process is a common limitation in studies of this type (Whay et al., 2003; von Keyserlingk et al., 2012; Chapinal et al., 2014) .
Some health measures incorporated into this assessment are widely accepted as important because of relatively well-understood welfare implications. For example, the external validity of lameness is good because it is both a health concern and a painful condition (Whay et al., 1998; Laven et al., 2008) . Conversely, the external validity of some health measures is questionable. For example, nasal and ocular discharge varied across ranches, affecting at most 42.9 and 50.0%, respectively, of animals. Rather than measuring respiratory health status, environmental factors may have played a role in mucus secretions, such as wind-blown dust or long-stemmed forage causing eye irritation (Hall, 2003) . However, these causal factors were not recorded or accounted for in this study. Likewise, we observed diarrhea at levels as great as 100% of animals; although this can indicate viral, bacterial, or parasitic infections, it can also result from a diet high in protein or nonfiber carbohydrates (Stallings, 1998) . Instead of including variables where the welfare implications are unclear, incorporating direct measures of morbidity in future assessments appears more promising, especially given that 77% of ranches already keep written sick cattle records, similar to the nationwide 83.3% average of at least some record keeping (USDA, 2009). In addition, body integument alterations measures were adopted from the European Welfare Quality cattle assessment protocol, in which 2 alteration categories are recognized: 1) hairless patches and 2) abrasions and swelling. However, cattle in Europe are often raised off pasture and experience most injuries on their legs (Krebs et al., 2001) , which is related to housing conditions (Burow et al., 2013; de Vries et al., 2015) . During a pilot study for this project, marked differences in location and cause of each type of alteration were noticed: hairless patches were mostly observed in the form of scars or parasitic alopecia; abrasions were usually fresh, on the side of the body, and likely as a result of a sharp edge within the chute system; and swelling was often observed as a result of infection caused by a prior injection site abscess and actinobacillosis or actinomycosis in the jaw. Because the presumed cause of injuries on cow-calf operations occurred for reasons other than the housing system, each was scored separately, rather than collapsing them into a single category.
Format Considerations
In addition to feasibility, validity, and comparability, considerations when designing an assessment should include the evaluation methodology and finding the most effective ways to assess welfare. For instance, to date, beef cattle welfare assessments are conducted as 1 of 2 extremes: voluntary self-reviews (e.g., BQA) or third party audits by independent companies (e.g., the North American Meat Institute program). For the voluntary self-review, self-reporting is likely suitable. However, if a modified version of this assessment was to be used as an audit and used to make decisions about market access, management-based measures would need to be collected using evidence-based techniques. For example, rather than verbal self-reporting about the existence of a VCPR, auditors would instead need to provide a veterinarian-approved drug list or signed paperwork as evidence. Additionally, methods used for routine procedures, such as branding, could be evaluated by viewing written standard operating procedures or by interviewing employees to check for consist verbal descriptions of how procedures are performed.
The systems used to score animal-based measures should also take into consideration the format for which the assessment is being applied. For example, the widely used 9-point BCS system in the United States is a useful management tool from a producer's perspective and, therefore, could be beneficial for voluntary selfreviews. However, from an auditing standpoint, assessment programs are usually not interested in detailed body condition status; rather, they would like to know about animals on the extremes (i.e., those that are thin or fat). For instance, the Global Animal Partnership certifies roughly 2,800 farms each year, accounting for nearly 290 million animals (Global Animal Partnership, 2016) . For information about these animals to be used most effectively, the Global Animal Partnership guides third-party auditors to note only those that are thin (e.g., cattle that score ≤3 out of 9, pigs that score ≤2 out of 5, sheep that score 1 out of 5).
Conclusion
Lameness, unacceptable body condition, injuries, and dirtiness were rare. However, variation existed and improvement is possible within cattle behavior in the chute and stockperson handling, namely, the use of electric prods, which were used on an averaged 23.5% of cattle. Management practices and facility design also varied and did not always align with scientific or industry recommendations. When applying the assessment, we identified challenges in terms of feasibility, comparability across ranches, and external validity. Future assessment programs should be designed considering these qualities.
